Abstract
INTRODUCTION
There are relatively few infectious diseases of the upper alimentary canal but one common disease is dental caries which has been defined as a pathological process of destruction of tooth structure by microorganism [1] . Dental caries has also been defined as an ecological disease in which the diet, the host and the microbial flora interact over a period of time in such a way as to encourage demineralization of the tooth enamel with resultant caries formation [2] . Dental caries is still a major oral health problem in most industrialized countries, affecting 60 -90 % of school children and the vast majority of adults. It is also a most prevalent oral disease in several Asian and Latin American countries, but it appears to be less common and less severe in most African countries [3] .
Two bacteria species have been implicated in caries formation, namely, Streptococci mutans and Lactobacilli. It has been clearly shown in many in-vivo and in-vitro studies that a process starting with the colonization of Streptococci mutans and continuing with the contribution of Lactobacilli in susceptible individuals, leads eventually to caries initiation and progression [4] [5] [6] [7] . However, both S. mutans and Lactobacillus are acidogenic and aciduric, meaning that they produce acids which can dissolve the tooth substance -calcium phosphate in the form of hydroxyapatite crystals -and that they can survive and produce acids in a low pH environment. An acidogenic environment is crucial to maintain the haemostasis of these organisms in dental plaque and to initiate the demineralization of the enamel surface [8, 9] . Compared to other oral flora, S. mutans and Lactobacillus are cariogenic and have enzymes with greater resistance to acids. One of such enzymes is dextran-sucrase, produced by S. mutans and which converts the sucrose of food to dextrin; the dextrin then combines with salivary proteins to create a sticky, colourless film (plaque) on tooth surfaces [10] . Plaque that is not removed from the teeth mineralizes into calculus (tartar). Plaque and calculus irritate the gums, resulting in gingivitis and ultimately, periodontitis.
The acids in plaque dissolve the enamel surface of the tooth and create cavities in the tooth. Cavities are usually painless until they grow very large inside the internal structures of the tooth (the dentin and the pulp at the core) and can cause death of the nerve and blood vessels in the tooth. If left untreated, tooth abscess and ultimately, loss of the tooth can result. Lactobacilli, on the other hand, produce lactic acid when exposed to high concentrations of sugar which, in turn, attacks the enamel by chelating calcium phosphate, thereby decalcifying it.
Depending on the extent of tooth destruction, various treatments can be used to restore teeth to proper form, function and aesthetics but there is no known method to regenerate large amounts of tooth structure. Instead, dental health organizations advocate preventive and prophylactic measures, such as regular oral hygiene and dietary modifications, to avoid dental caries [11] . One of the methods by which oral hygiene can be achieved is through the use of mouthwash. The roles of mouthwash in the prevention and treatment of dental caries cannot be overemphasized as a result of the pains and/or mouth-odour that have been linked to bacterial activity in the pulp of a carious tooth and the antibacterial activity of some mouthwashes.
There are many brands of mouthwash marketed in Nigeria, each with its own deodorant, antiseptic, disinfectant, analgesic and/or astringent property. In this study, an attempt was made at evaluating four major brands of mouthwash marketed in Nigeria for their anticaries property by subjecting some bacterial isolates from 30 dental-carious patients at a dental clinic in Ibadan, Nigeria to the antibacterial activity of the selected mouthwashes.
EXPERIMENTAL Materials
The microbial media used -Mueller-Hilton agar, mannitol salt agar, cetrimide agar, MacConkey agar, and blood agar -as well as nutrient broth, were all obtained from LAB M, Bury, UK while sterile normal saline was supplied by Dana Ashmina Ltd, Ibadan, Nigeria. A sample each of the four brands of mouthwash, labeled A -D, was purchased from a pharmacy outlet, Sagamu, Nigeria.
Isolation and characterization of bacteria
Extracted teeth were collected from 30 patients (comprising of equal number of male and female) presenting themselves for treatment of dental caries at Oyo State Government's owned Dental Clinic, Ibadan, Nigeria. Each tooth was collected separately in sterile normal saline and inoculated into sterile nutrient broth within 24 h using sterilized wire loop. The inoculated nutrient broth was incubated at 37 o C for 24 h, samples of which were streaked on the surfaces of prepared sterile MacConkey agar, mannitol salt agar, blood agar and cetrimide agar media, respectively. The plates were then incubated at 37 o C for 24 h and observed for growth. Bacterial isolates were identified and characterized using conventional biochemical tests.including Gram stain, catalase, coagulase, oxidase, indole and citrate utilization.
Evaluation of antibacterial activity of the mouthwashes
The characterized bacterial isolates were aseptically transferred to sterile nutrient broth and incubated at 37 o C for 24 h; 0.1 ml of the overnight growth culture was aseptically transferred into 9.9 ml sterile normal saline to give a 1:100 dilution of the isolate. Out of this, 1ml was aseptically seeded in sterile MuellerHilton agar medium in a plate and allowed to set. Four wells were bored into each agar plate using a sterile 6 mm diameter cork borer and two drops of each mouthwash were dropped into separate wells using a sterile dropper. The plates were left on the bench for 1 h to allow for diffusion of the mouthwash samples into the agar medium. The procedure was carried out in duplicate. All the plates were then incubated at 37 o C for 24 h and the zones of inhibition measured using an accurately calibrated transparent ruler. The mean diameter of the zones of inhibition was calculated.
Chlorhexidine solution (0.2 %) was the positive control, while the negative control was a placebo (i.e., nothing was added to the well). Staphylococcus aureus ATCC 25923 and Escherichia coli ATCC 25922 were used as Gram positive and Gram negative control organisms, respectively.
Statistical analysis
The number of bacterial isolates showing zone of inhibition by each brand of mouthwash was statistically analyzed by subjecting them to Chi square test with Microsoft Excel Macro to determine if there were significant difference in their susceptibility patterns at 95 % confidence level.
RESULTS
The compositions of each of the mouthwashes evaluated are shown in Table  1 while the bacteria isolated from 30 patients with dental caries are listed in Table 2 . The susceptibility pattern of each bacterial isolate to each of the mouthwashes evaluated are presented in Table 3 as diameter of zone of inhibition (in mm) or absence (-) of zone of inhibition.
DISCUSSION
Of the five different bacterial species associated with dental caries in this study, Staphylococcus aureus was the most prevalent, accounting for 30 % of the total isolates. However, only Streptococcus has been implicated in the initiation and progression of dental caries [7] . This clearly indicates that organisms constituting oral flora and are associated with dental caries cut across continents and races as well as oral habits of humans. Antimicrobial susceptibility profiles (Table 3) reveal that Mouthwash A displayed activity against all isolated Streptococci species while the other mouthwashes did not. This suggests that Mouthwash A may play a vital role in the prevention of dental caries since Streptococcus has been implicated in the initiation of dental caries. Similarly, all isolated Pseudomonas aeruginosa showed sensitivity to Mouthwash A implying that sample A can also protect against invasion by the opportunistic pathogen especially in immunocompromised patients. However, while Mouthwash A may be effective at preventing initiation of dental caries and subsequent progression of the caries, Mouthwashes B and C may only be effective at curbing the progression of dental caries; on the other hand, the activity of Mouthwash D was poor at curbing caries initiation as it showed no activity against all the Streptococcal isolates. However, chlorhexidine (0.2 %) was active against all the bacterial isolates including the control but none of the mouthwashes exhibited activity against the control organisms. There was no significant difference in the susceptibility patterns of the bacterial isolates to which they were exposed.
The spectrum of antibacterial activity displayed by the mouthwashes may be linked with their active constituents. Mouthwashes B and C contain chlorhexidine gluconate (a biguanide) and cetylpyridinium chloride (a quaternary ammonium compound, QAC), respectively. The mechanism of action of chlorhexidine is membrane disruption, causing concentration-dependent growth inhibition and cell death [12] . Secondary interactions causing inhibition of proteolytic and glycosidic enzymes may also be significant [13] . However, the antimicrobial action of QACs involves perturbation of cytoplasmic and outer membrane lipid bilayers through association of the positively charged quaternary nitrogen with the polar head groups of acidic phospholipids [14] .The hydrophobic tail subsequently interacts with the hydrophobic membrane core. Lethality occurs through generalized and progressive leakage of cytoplasmic materials [15] . On the other hand, Mouthwashes A and D contain 
CONCLUSION
Isolation of bacteria other than Streptococcus species is an indication that the latter is not the only organism associated with the initiation and progression of dental caries. The varying spectra of antibacterial activities observed for the mouthwashes are indications that not all mouthwashes are suitable for the prevention and/or control of dental caries. This is contrary to the belief in some quarters that all mouthwashes possess essentially the same antibacterial activity.
